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CASE REPORT
Turner syndrome (karyotype: 45,X) affects 1 in
5000 live born females. Features include redun-
dant neck skin (web neck), peripheral lymph
edema, short stature, cardiovascular abnormalities,
and ovarian dysfunction.1 Unfortunately, a highly
variable phenotypical spectrum is noted in mosaic
sex chromosome disorders, including mosaic 45,X.
The uncertainty regarding genotype–phenotype
relationship in this group of disorders renders our
genetic counseling difficult.2 A structurally altered
Y chromosome is occasionally observed in patients
with mosaic Turner syndrome. Amongst these
structurally altered Y chromosomes, dicentric Y is
the most common form.3
SRY inhibits the DAX1 gene (at Xp21.2), con-
sequently suppresses the antagonizing effect of
DAX1 to SF1 (steroidogenic factor 1, at 11q13 and
enhances the maleness) and therefore enhances
the development of the undifferentiated gonad
to testes.4 Mutations of SRY gene (including loss-of-
function mutations and deletion), the ratios of
Y-containing cells to 45,X cells, the responsiveness
of undifferentiated gonads to androgenic factors
and hormones, may all affect the development of
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external genitalia.4 A number of reports have
been focused on discussing the relationship be-
tween the phenotypical sex and the mosaic 45,X/
46,X,idic(Y) including cases with all forms of exter-
nal genitalias: ranging from male, ambiguous, fe-
male, mixed gonadal dysgenesis and even different
sex was noted in each co-twin belonging to the
same monochorionic twin set.5 Diagnostic modal-
ities ever applied include G-banding, FISH, PCR
(polymerase chain reaction to detect any micro-
deletions and mutations in the Y chromosome),
and CGH (comparative genomic hybridization).6–8
SKY (spectral karyotyping), a technique to paint all
the 46 chromosomes simultaneously in a single
reaction,9 is rarely used in such studies. We suc-
cessfully applied G-banding, FISH, SKY, and SRY
sequencing to delineate the fine composition 
of the Y-containing marker chromosome in our
patient.
Here, we present a mosaic 45,X/46,X, +marker
chromosome fetus with an unambiguous male
genitalia, whose abnormal Y-containing marker
chromosome was later to be delineated as an
idic(Y)(p11.3). Ventricular septal defect (VSD) of
the heart was also noted in this fetus. Congen-
ital heart defects are not uncommon in subjects
with aneuploidy. However, though enormous ef-
forts have been made to pinpoint the relationship
between the preponderance of certain types of con-
genital heart defects and various kinds of chromo-
somal abnormality, VSD is not commonly seen
in patients with Turner syndrome.10 We therefore
notice the possible interesting relationship be-
tween the VSD and the isodicentric Y chromosome
in our patient. Mosaic sex chromosome disorder is
a difficult issue in genetic counseling. We thus find
our case interesting because of the extensive labo-
ratory work, and also because of the rare cardiac
phenotype.
Case Report
A 35-year-old, gravida 1, para 0, Taiwanese woman
received an amniocentesis at GA 20 weeks because
of advanced maternal age. No increased nuchal
translucency was noted during the first trimester.
Cytogenetic analysis of the amniocytes showed
the presence of three cell lines. Of the 65 cells
analyzed, the karyotype was determined to be 45,
X[54]/46,X, + mar[8]/46,XY[3] by conventional
G-banding analysis (Figures 1A and 1B). FISH
analysis for centromeric Y sequences (DYZ3; Vysis,
Downer’s Grove, IL, USA) was performed and the
marker chromosome was found to be dicentric
(Figure 2). An isodicentric Y chromosome was
thus highly suspected. FISH analysis of at least 20
interphase nuclei as well as 20 metaphase spreads
by use of the whole painting probe for Yq (WCPYq;
Vysis) and a locus-specific probe for SRY (Yp11.3;
Vysis) were performed and the results showed that
the derivative Y chromosome was an idic(Y)
(p11.3), with only one signal of the FISH probe
aimed at the SRY locus seen, both in interphase
and metaphase cells (Figures 3 and 4). However,
the nature of the unpainted region by the WCPYq
probe needs to be further elucidated (Figure 3)
to see if other chromosomes were involved. SKY
(Applied Spectral Imaging, Carlsbad, California,
USA) was then applied and the result showed that
the unpainted region was exclusively Y origin
(Figure 5). The karyotype of the amniocytes was
thus to be further designated as 45,X[54]/46,X,
idic(Y)(p11.3) ish idic(Y)(SRY + , DYZ3 + + )[8]/
46,XY[3]. The ideogram of the idic(Y) chromo-
some is proposed in Figure 6. Antenatal ultra-
sound at GA 21 weeks revealed a normal male
fetus except a VSD of the heart. Cordocentesis at
22 weeks of gestation was performed and the
karyotype showed 46,X, idic(Y) (p11.3)[26]/
45,X[24]. Termination of the pregnancy was of-
fered at GA 23 weeks after a nondirective genetic
counseling  session. An abortus, weighing 405g,
with obviously unambiguous male genitalia, was
delivered. No gross abnormality was noted.
Autopsy of the abortus revealed no abnormalities
except a VSD of the heart. Table 1 shows that the
karyotyping done at the postmortem stage (prior
to formalin fixation) of the placental villi, the post-
natal cord blood and the gonad confirmed similar
mosaic karyotypes: 45,X[87]/46,X,idic(Yp11.3)
[10]/46,XY[3] in placental villi (13% Y-containing
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cells); 45,X[89]/ 46,X,idic(Yp11.3)[11] in cord
blood (11% Y-containing cells); and 45,X[45]/
46,X, idic(Yp11.3)[55] in gonad (55% Y-containing
cells). PCR for sequence-tagged sites (STS) mark-
ers located at human Y chromosome (a kit called
Y Chromosome Deletion Detection System®,
Version 2.0 [Promega, Madison, WI, USA] which
contains STS markers spanning from the euchro-
matin region of Yq11.2 to SRY, which is at Yp11.3)
was performed in either cells without 46,XY 
chromosome complement, i.e., the cord blood and
the gonad, or the cells with all three cell lines which
contained 46,XY. The results (not shown) revealed
no deletion of any STS markers in Y chromosome,
and further confirmed the isodicentric Y chromo-
some to be an idic(Y)(qter-p11.3::p11.3-qter), and
there was no detectable microdeletion in the AZFa/
AZFb/AZFc/AZFd regions of the human Y chro-
mosome in the fetus we examined. Sequencing of
SRY in our case revealed no mutations.
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Figure 1. Two of the three cell lines are shown here: (A) 45,X; (B) 46,X, idic(Y)(p11.3). The idic(Y) is indicated by an arrow.
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Discussion
Genotype
One of the most common structural changes of the
Y chromosome is dicentric Y.3,11 PCR amplification
of sequence-tagged sites (STS) combined with FISH
analysis was often used to map the breakpoint of a
derivative chromosome encountered in a clinical
diagnostic setting.12 Molecular-based approaches
to study mosaicism are difficult, especially when
three cell lines exist (one cell line does not con-
tain Y, one cell line contains a normal Y, one cell
line contains an idic [Yp]). FISH-based technology
is more useful in studying mosaic genotypes.9 We
successfully used FISH, SKY, sequencing for SRY
locus, and STS–PCR to delineate the composition
CEPY
CEPY
Figure 2. Fluorescence in situ hybridization (FISH) probe for
centromeric Y sequence DYZ3 (Spectrum Orange, Vysis,
Downer’s Grove, IL, USA) was successfully hybridized to the
marker chromosome and two signals are seen, suggesting
the marker chromosome is dicentric.
CEP X
SRY
Figure 4. Fluorescence in situ hybridization (FISH) probes
for SRY (Yp11.3, Spectrum Orange, Vysis, Downer’s Grove,
IL, USA) and for centromeric X (CEPX, Spectrum Green,
Downer’s Grove, IL, USA) were used. Only one SRY signal
was seen at the derivative chromosome.
WCP Yq
Figure 3. Fluorescence in situ hybridization (FISH) probe
for Yq painting probe was used (Spectrum Orange, Vysis,
Downer’s Grove, IL, USA). The symmetric painting of the
probe into the two ends of the marker chromosome indi-
cates its isochromosomal nature origin.
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Figure 5. (A) SKY showed the derivative chromosome to be
exclusively Y in origin. (B) The pink color is the true color
under SKY microscope of the derivative chromosome,
whereas the green color is the assigned color. (C) The pink
color is the true color under SKY microscope of the normal Y
chromosome, whereas the green color is the assigned color.
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of the derivative Y to be idic(Y)(p11.3) (Figure 6).
Previous reports on Y-containing derivative chro-
mosomes in mosaic 45,X cases revealed that the
derivative Y chromosomes could be idic(Yp), idic
(Yq), or Y microdeletions.3 Our report appears to
be the first one using SKY in diagnosing a case
with the mosaic aneuploidy involving the mosaic
45,X. Remarkably, the only one SRY signal as noted
in Figure 4 may actually represent that one SRY
was deleted. Besides, there were no microdeletions
in the STS markers spanning AZFa/AZFb/AZFc/
AZFd noted in the cells containing Y-materials
we examined.
Phenotype and mosaicism
Up to 99% of the 45,X fetuses ended up with
in utero demise whereas an incidence of at least 80%
of such fetuses die between 10 weeks of gestation
and at term.13 Approximately half of the postnatal
cases with Turner syndrome have a 45,X karyotype;
the remaining patients are mosaic for having cell
lines with a second sex chromosome being a struc-
turally abnormal X. Postnatal cases with Turner
syndrome usually have female genitalia; however,
varying degrees of masculinization, even complete
virilization, are present in mosaic Turner patients
if Y material exists. SRY gene was thought to be a
major determining factor in the development of
male genitalia. However, some authors once re-
ported monozygotic twins having different gen-
ders despite the two cotwins of a twin set having
the same underlying chromosomal abnormality
in the form of mosaicism.5 Tissue mosaicism, a
distributional difference in the ratio of cell lines,
or different mutation types in the SRY gene, was
used to explain the discordance in gender.14–19 In
the fetus we present in this report, the ratio of the
cells to have SRY-containing chromosomal seg-
ments in the karyotype was 11/65 (17%) in the
amniocytes and 26/50 (52%) in the lymphocytes
of the antenatal cord blood, whereas the postnatal
examination of gonad revealed a higher percentage
of Y-containing cells (55%). It appeared there is a
trend that maleness will become more apparent
when the percentage of Y-containing cells increases,
but exceptions did exist. Even when the percentage
of Y-containing cells was 60%,  microdeletion of Yq
existed.20 Other striking examples include: a 17-
year-old girl with Turner syndrome but without
virilization had 70% Y-containing cells in her
karyotyping of blood lymphocytes but informa-
tion was lacking in her gonads. Another 15-year-
old girl with growth delay and primary amenorrhea
but without other signs of Turner syndrome was
found to have 70% Y-containing cells in her blood
karyotyping while again there was no karyotyping
done on her gonads.7 Various technologies and
study items make the meta-analysis of the reported
cases difficult. No definite genotype–phenotype
correlation has ever been established. A brief sum-
mary of exceptional cases is given in Table 2.
Table 1. Karyotype and percentage of Y-containing cells in different tissues examined
Tissue 45,X 46,X,idic(Y) 46,XY Percentage of Y-containing cells
Amniocytes 54 8 3 17
Antenatal cord blood 24 26 0 52
Placental villi 89 11 0 11
Postnatal cord blood 87 10 3 13
Fibroblast from gonads 45 55 0 55
SRY (Yp11.3)
11.3
11.2
11.1
11.1
11.21
11.221
11.222
11.223
11.23
12
Y Y
Figure 6. Ideograms showing the normal Y and the idic(Y)
(p11.3).
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Sex determination is affected by many deter-
minants and the relationship between some of
them remains elusive. In our case, the percentage
of Y-containing cells in the amniotic fluid is rela-
tively low (17%) whereas the external genitalia
was an unquestionable male. Much higher per-
centages existed in the antenatal cord blood (52%)
as well as in the gonad (55%), which might explain
part of the picture. Our study gives the theory that
different distribution of mosaic cell lines in an
individual may well account for the variety of clin-
ical phenotypes. A complete survey, in our opin-
ion, of such cases of 45,X/46,X,der(Y) should
include G-banding, FISH, STS–PCR (to study the
microdeletions of human Y chromosomes), and
sequencing for human SRY locus (to exclude
mutations buried within SRY which result in 
abnormal development of gonads).
Three structural cardiac defects are more com-
monly seen in 45,X patients: bicuspid aortic valve,
coarctation of aorta, and hypoplastic left heart syn-
drome.10,21 VSD, despite itself the incidence is as
high as 1% and it may be a coincidence as it is not
a common cardiac defect seen in 45,X. In addition,
few 45,X/46,X, idic(Y) cases reported in the liter-
ature ever stated an obvious cardiac defect. The
relationship between the deleted (Yp11.3::Ypter)
region, in which some candidate gene may hide
within, and the embryonic dysgenesis which re-
sulted in the VSD in our case awaits further study.
The possible mechanism of the 
idic(Y) formation
X and Y chromosome pair to each other during
male meiosis at the pseudoautosomal regions at the
very tips of both chromosomes.2 Studies of 46,XX
Table 2. List of a few exceptional mosaic 45,X/46,X,idic(Y) cases in the literature
Author Karyotype
Percentages of 
Phenotypical sex
Y-containing cells
Nonomura et al5 Monozygotic twin: Twin A: 42% Twin A: female
47,X,idic(Y),idic(Y)/46,X,idic(Y)/45,X Twin B: 94% Twin B: male
Twin A: 3.6%/38.0%/58.4% (peripheral blood)
Twin B: 62.4%/31.4%/6.0% (peripheral blood)
Sugarman et al16 45,X 100% (in streak gonad) Streak gonad: 0% Mixed gonadal dysgenesis 
45,X/46,X,idic(Y) 54%/46% (peripheral blood) Testis: 33.3% (one side streak gonad; 
45,X/46,X,idic(Y) 66.6%/33.3% (testis) Blood: 46% one side normal testis)
Marcus-Soekarman et al8 45,X/46,X,idic(Y) Amniocytes: 20% Ambiguous genitalia; 
80%/20% (amniocytes) Blood: 3.6% incomplete masculinization
96.4%/3.6% (peripheral blood)
Fujimoto et al14 Monozygotic twin: 45,X/46,X,idic(Y) Twin A: 0–57% Twin A: female
Twin A: 43%/57% (peripheral blood) Twin B: 22–60% Twin B: male
100% (skin fibroblasts)
Twin B: 40%/60% (peripheral blood)
78%/22% (skin fibroblasts)
Morava et al6 45,X/46,X.idic(Yq11) 70% Female
30%/70% (peripheral blood)
(Note: A deletion in Yq12 was noted by PCR)
Hernando et al7 Case 1: 46,X,del(Y)(q11.2) Case 1: 100% Case 1: male
Case 2: 45,X [11]/46,X,der(Y) [16] Case 2: 59.2% Case 2: male
Case 3: 45,X,inv(9)(p11q12)[30]/46,X,idic(Y) Case 3: 70% Case 3: female
(p11.3),inv(9)(p11q12) [70%]
PCR = polymerase chain reaction.
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males lead to disclose some highly homologous
loci outside the pseudoautosomal regions on the
X and Y chromosomes that are hot spots for ectopic
recombinations.22 Such recombinations led to X–Y
translocations if ectopic recombination occurs be-
tween X and Y and may lead to idic(X) or idic(Y)
if ectopic recombination occurs between the two
Xs or the two Ys during meiosis. However, some
sequences situated within the used-to-think non-
recombining region of Y (NRY) actually have their
homologous counterparts in the X chromosome
such as the PRKX/PRKY. Abnormal interchange
can occur anywhere on Xp/Yp proximal to SRY
and may lead to XX males or XY females because
SRY was carried along with the translocations.23
The evolution of sex chromosomes was re-
garded to involve the serial events in the following
order: (1) one homologue of an autosome pair
incidentally acquires a sex-determining gene and
such change makes the autosome pair become the
ancestral sex chromosome, (2) then the strong se-
lective constraint (which maintains sex) results in
the non-recombining nature (speculatively through
recombination-prohibited inversion rearrange-
ments) of the Y chromosome in the XX/XY system
(such as mammals) or the W chromosome in the
ZZ/ZW system (such as birds), the mutations are
therefore easy to accumulate and result in degener-
ation of Y chromosome.24 A recent study demon-
strated that high mutation rates of certain regions
in Y have driven extensive structural polymorphism
among human Y chromosomes.25
Acknowledgments
This study was partly funded by grants from
Changhua Christian Hospital to Ming Chen. The
authors would like to thank Mr Dong-Jay Lee, 
Mr Shun-Ping Chang, Ms Pao-Lun Yin, Ms Pao-
Ying Wen and Ms Mei-Hui Lee for their assistance.
References
1. Surerus E, Huggon IC, Allan LD. Turner’s syndrome in fetal
life. Ultrasound Obstet Gynecol 2003;22:264–7.
2. Kovaleva NV. Sex-specific chromosome instability in early
human development. Am J Med Genet A 2005;136:401–13.
3. Hsu LY. Phenotype/karyotype correlations of Y chromosome
aneuploidy with emphasis on structural aberrations in post-
natally diagnosed cases. Am J Med Genet 1994;53:108–40.
4. Jiménez R, Burgos M. Mammalian sex determination: join-
ing pieces of the genetic puzzle. Bioessays 1998;20:696–9.
5. Nonomura K, Kakizaki H, Fukuzawa N, et al. Monozygotic
twins with discordant sexual phenotype due to different ra-
tios of mosaicism of 47, X, idic(Y), idic(Y)/46, X, idic(Y)/45, X.
Endocrine J 2002;49:497–501.
6. Morava E, Hermann R, Czakó M, et al. Isodicentric Y chro-
mosome in an Ullrich-Turner patient without virilization.
Am J Med Genet 2000;91:99–101.
7. Hernando C, Carrera M, Ribas I, et al. Prenatal and postnatal
characterization of Y chromosome structural anomalies 
by molecular cytogenetic analysis. Prenat Diagn 2002;22:
802–5.
8. Marcus-Soekarman D, Hamers G, Mulder ALM, et al. Sono-
graphic genital ambiguity in a fetus due to a mosaic 45,X/
46,X,idic(Y)(qter-p11.32::p11.32-qter) karyotype. Prenat
Diagn 2005;25:279–82.
9. Speicher MR, Carter NP. The new cytogenetics: blurring the
boundaries with molecular biology. Nat Rev Genet 2005;6:
782–92.
10. Pajkrt E, Weisze B, Firth HV, et al. Fetal cardiac anomalies
and genetic syndromes. Prenat Diagn 2004;24:1104–15.
11. Wang BB, Yu LC, Peng W, et al. Prenatal identification of
i(Yp) by molecular cytogenetic analysis. Prenat Diagn 1995;
15:1115–9.
12. Quilter CR, Nathwani N, Conway GS, et al. A comparative
study between infertile males and patients with Turner
syndrome to determine the influence of sex chromosome
mosaicism and the breakpoints of structurally abnormal 
Y chromosomes on phenotypic sex. J Med Genet 2002;
39:e80.
13. Gravholt CH, Juul S, Naeraa RW, et al. Prenatal and postna-
tal prevalence of Turner’s syndrome: a registry study. BMJ
1996;312:16–21.
14. Fujimoto A, Boelter WD, Sparkes RS, et al. Monozygotic
twins of discordant sex both with 45,X/46,X,idic(Y) 
mosaicism. Am J Med Genet 1991;41:239–45.
15. Perlman EJ, Stetten G, Tuck-Muller CM, et al. Sexual discor-
dance in monozygotic twins. Am J Med Genet 1990;37:
551–7.
16. Sugarman ID, Crolla JA, Malone PS. Mixed gonadal dysge-
nesis and cell line differentiation. Case presentation and
literature review. Clin Genet 1994;46:313–5.
17. Tuck-Muller CM, Chen H, Martinez JE, et al. Isodicentric
Y chromosome: cytogenetic, molecular and clinical studies
and review of the literature. Hum Genet 1995;96:119–29.
18. Raff R, Schubert R, Schwanitz G, et al. Combination of hy-
pospadias and maldescended testis as cardinal symptoms
in gonosomal chromosome aberrations. Eur J Pediatr Surg
2000;10:270–5.
H.H. Wu, et al
410 J Formos Med Assoc | 2007 • Vol 106 • No 5
19. Giltay JC, Ausems MG, van Seumeren I, et al. Short
stature as the only presenting feature in a patient with an
isodicentric (Y)(q11.23) and gonadoblastoma. A clinical
and molecular cytogenetic study. Eur J Pediatr 2001;160:
154–8.
20. Godoy-Assumpcão JG, Hackel C, Marques-de-Faria AP, et al.
Molecular mapping of an idic(Yp) chromosome in an Ullrich-
Turner patient. Am J Med Genet 2000;91:95–8.
21. Tapale E, Autio L. Turner’s syndrome with ventricular septal
defect (Roger’s disease): report of a case. Ann Med Interne
Fenn 1954;43:264–9.
22. Weil D, Wang I, Dietrich A, et al. High homologous loci 
on the X and Y chromosomes are hot-spots for ectopic 
recombinations leading to XX maleness. Nat Genet 1994;
7:414–9.
23. Schibel K, Winkelmann M, Mertz A, et al. Abnormal XY
interchange between a novel isolated protein kinase gene,
PRKY, and its homologus, PRKX, accounts for one third of all
(Y+)XX males and (Y-)XY females. Hum Mol Genet 1997;
6:1985–9.
24. Delbridge ML, Graves JAM. Mammalian Y chromosome evo-
lution and the male-specific functions of the Y chromosome-
born genes. Rev Reprod 1999;4:101–9.
25. Repping S, van Daalen SKM, Brown LG, et al. High mutation
rates have driven extensive structural polymorphism among
human Y chromosomes. Nat Genet 2006;38:463–7.
